Background and Objectives: The aims of this study were to assess the long term overall survival of patients after an acute myocardial infarction (AMI), and to determine the association of survival with the occurrence of ventricular arrhythmia, as recorded by Holter electrocardiography (ECG) and signal-averaged electrocardiography (SAECG). 
Introduction
The incidence of coronary artery disease (CAD) has recently increased exponentially in Korea, and CAD is one of the most important causes of sudden cardiac death, including acute myocardial infarction (AMI). 1) In the initial phase of AMI, the myocardial conduction is slowed due to the damaged myocardium. The slowed myocardial conduction is accompanied by a high incidence of late potentials (LPs). [2] [3] [4] [5] The presence of low amplitude, high frequency signals in the terminal part of the QRS complex has been associated with the onset of ventricular tachyarrhythmia and sudden death. [6] [7] [8] The late ventricular potentials are thought to correspond to slow, non-homogeneous conduction through the damaged myocardium. [9] [10] [11] [12] The incidence of LPs after an AMI decreases after successful thrombolysis as this results in the improved patency of the infarct-related coronary arteries. 13) 14 ) The LPs registered on the body surface appear to be a manifestation of delayed activation of the myocardium. For this reason, LPs have been useful for the stratification of the risk of sudden arrhythmic death during the post-infarction period. 15) Holter-based risk variables have been suggested to be useful for screening patients who are at risk for sudden cardiac death among the survivors of AMI.
16) The occurrence of non-sustained ventricular tachycardia (VT) on Holter electrocardiography (ECG) has been shown to predict mortality in several previous post-AMI studies. [17] [18] [19] A previous study has shown that a reduced post-ectopic turbulence slope and non-sustained VT seem to provide information about the risk of future sudden cardiac death in the current treatment era, and particularly among the post-AMI patients with slightly reduced or preserved left ventricular function. 20) However, the clinical utility of Holter ECG together with the measurement of the signal averaged ECG (SAECG) is not well known.
The aim of this study was to assess the long term overall survival after an AMI and determine the association of survival with ventricular arrhythmias, as recorded by conventional Holter ECG and the SAECG.
Subjects and Methods

Study population
One hundred fifty two patients with an AMI were enrolled into this study. We excluded those patients with evidence of a previous myocardial infarction, coronary angioplasty or aorto-coronary bypass surgery, atrial fibrillation or bundle branch block on the resting ECG. The diagnosis of an AMI was based on at least two of the following criteria: typical chest pain lasting >30 min, a diagnostic increase of the serum creatine kinase-MB (>3.6 ng/mL) and the presence of one of the following ECG findings: a ST elevation of 2 mm in at least two adjacent precordial leads and a ST elevation of 1 mm in the limb derivations.
Signal-averaged electrocardiography
Prior to discharge (range of the hospital stay: 2-10 days, average: 5 days), the patients were tested with SAECG for 'time-domain analysis' with using the X, Y and Z orthogonal leads of a M1754A SAECG (HewlettPackard Company, Oregon, USA). The SAECG was performed with the patient in the supine position and after a 15 minutes rest period. With a noise limit <0.3 μV, at least 300 beats were captured at high pass frequencies of 25 Hz and 40 Hz. We determined the presence of LPs at a high pass frequency of 25 Hz (LPs 25 Hz) when two of the following three criteria were met: 1) the filtered QRS duration (fQRSD 25 Hz) was >114 ms, 2) the root-mean-square voltage of the last 40 ms of the QRS complex (RMS 25 Hz) was <20 μV and 3) the duration of a low amplitude (<40 μV) signal of the terminal portion of the QRS (LAS 25 Hz) was >32 ms. We determined the presence of LPs at a high pass frequency of 40 Hz (LPs 40 Hz) when two of the following three criteria were met: 1) the filtered QRS duration (fQRSD 40 Hz) was >114 ms, 2) the root-mean-square voltage of the last 40 ms of the QRS complex (RMS 40 Hz) was <20 μV and 3) the duration of a low amplitude (<40 μV) signal of the terminal portion of the QRS (LAS 40 Hz) was >38 ms.
6)
Holter electrocardiography
The Holter ECGs were evaluated using the AM3700 (Advanced Medical Products, Inc., South Carolina, USA). The grading system of Lown was used to evaluate the ventricular premature beats. 21) The following criteria were used to define the categories. The grading was grade 0=no ventricular premature beats, grade 1=lower than 30 ventricular premature beats/hr, grade 2=more than 1 ventricular premature beats/min or 30 ventricular premature beats/hr, grade 3=multiform ventricular premature beats or ventricular couplets were present, grade 4=ventricular tachycardia of 3 or more beats was present and grade 5=early-cycle ventricular premature beats (R on T phenomenon).
Medical professionals who were unaware of the SA-ECG results evaluated the Holter ECG. Three groups of patients with AMI were identified based on the severity of the ventricular arrhythmia on the Holter ECG: those patients without ventricular premature beats on the Holter ECG (Lown grade 0), those patients with simple ventricular premature beats (Lown grade 1, 2) and those patients with complex ventricular premature beats (Lown grade 3, 4, 5).
Clinical follow-up
Follow-up information on patient survival was obtained for one hundred fifty two patients. The data was obtained by telephone contact; an interviewer talked with the patient or an immediate relative. In addition, the pertinent medical records were reviewed.
Statistical analysis
SPSS software (SPSS 12.0, SPSS Inc. Cicago, IL, USA) was used for all data collection and statistical analyses. Differences in the patient characteristics and the SAECG and Lown grades were assessed with t-tests. Analysis of the numerical variables was performed with the t-test for the unmatched data for the variables with a normal distribution. The Chi-square test was used for the categorical variables. Predictors of survival were assessed using Cox's proportional hazard model and KaplanMeier analysis. Multivariate analyses were performed using Cox's proportional hazard model and the data was adjusted according to the clinical risk factors [the left ventricular ejection fraction (EF), age, gender, diabetes, hypertension, peak cardiac enzyme level and the initial white blood cell count]. Findings with a p<0.05 were considered statistically significant.
Results
One hundred fifty two AMI patients (mean age: 65.4±13.5 years) were evaluated. The mean duration of follow-up was 45.8±25.5 months. Twenty four patients (15.8%) died during follow-up, for an annual mortality of 4.1% after hospital discharge. The demographic and clinical characteristics of the survivors and nonsurvivors are summarized in Table 3) .
The Kaplan-Meier analyses of the probability of survival, among the patients, who were divided according to LPs of 25 
Discussion
This study showed that among the post-AMI patients, an abnormal Holter ECG result could predict their sur- vival. Post-AMI remodeling is a complex time-dependent process that involves structural, biochemical, neurohumoral and electrophysiological alterations. 22) This is the reason why there is no single cardiovascular marker available to identify that population of patients who are at risk for arrhythmic death. 23) Indeed, the ambient ventricular arrhythmias recorded by Holter ECG provide a weak overall test when they are not combined with other variables. 23) Although the ventricular arrhythmias recorded in healthy hearts do not have significant prognostic value, the interpretations are different for patients with myocardial pathology. 23) For survivors of acute myocardial infarction, restoring the anterograde flow in the affected arteries, even if it accomplished after the time of myocardial salvage, may reduce the frequency of subsequent arrhythmic events and sudden death. 24) Heart rate variability, a turbulence slope and non-sustained VT on holter ECG have all been shown to predict mortality in several previous post-AMI studies. [17] [18] [19] The incidence of premature ventricular complexes at ≥ 10/hr and non-sustained VT on the Holter ECG were the risk stratification markers for later adverse arrhythmic events. 25) The grading system of Lown was used in the present study to evaluate the ventricular premature beats. A high Lown grade (3, 4, 5) has been shown to predict motality after AMI.
Several previous studies have shown the prognostic significance of left ventricular systolic dysfunction, in regard to cardiac death, for patients with AMI. 26) In this study, only five of one hundred fifty two patients had severe left ventricular systolic dysfunction (EF <0.35), and the mean left ventricular EF was not significantly different between the survivors and nonsurvivors. The Holter variables could independently predict the occurrence of sudden cardiac death among the patients with an EF <0.35, but they did provide prognostic information for those patients with a slightly reduced or preserved left ventricular function. 20) LPs are thought to represent regionally delayed myocardial activation and so they can serve as markers for the electrophysiologic substrate for reentrant ventricular tachyarrhythmias. 9) As such, the SAECG has been used clinically to identify those patients who are at high risk for developing sustained ventricular arrhythmias. One of the most common uses of SAECG today is identifying the patients who are at a low risk for arrhythmic events and who do not need further evaluation.
1)27) The LPs recorded using the SAECG from the body surface appear to be a manifestation of regionally delayed activation of the myocardium. The delay in activation may be the result of a lengthened excitation pathway and a decrease in conduction velocity or both. Most myocardial infarctions do not result in complete transmural necrosis, but rather, they leave behind various amounts of surviving myocardium. Fibrosis not only creates barriers that lengthen the excitation pathways, but it also causes asynchronous and heterogeneous patterns of activation; these events are caused by disruption of the normal intercellular coupling and disruption of the parallel orientation of the myocardial cell bundles.
28) The initial studies on the prognostic significance of the SAECG after myocardial infarction were carried out in the 1980s before thrombolytic therapy was used. Breithardt and colleagues published the first prospective study demonstrating that an abnormal SAECG could predict the occurrence of spontaneous arrhythmic events after myocardial infarction. 29) Subsequent studies have confirmed the prognostic significance of an abnormal SAECG. These studies have reported that late potentials were present in 20% to 30% of patients after myocardial infarction. [2] [3] [4] [5] In this study, LPs of 25 Hz were present in 6.6% of the patients and LPs of 40 Hz was present in 16.4% of the patients after a myocardial infarction. Most patients had undergone percutaneous coronary angioplasty and they were treated with modern therapy. This is a likely reason for the lower prevalence of late potentials in this study. There was no statistically significant difference in the increased risk of death associated with LPs of 25 Hz (log-rank p=0.050), but LPs of 25 Hz contributed prognostic information for the mortality risk. This study had the following limitations. A major limitation of this study was determining the true cause of death because patient survival was evaluated in a retrospective fashion. The patients were not routinely followed at predefined time intervals. Rather, they were contacted only at one time point. The number of subjects with Lown grades 3, 4 or 5 was small (13 patients). The limited number of patients may have restricted the ability to demonstrate differences in mortality, and so larger studies to confirm our results are required. Another limitation of this study is the lack of information about concomitant medications that were during the long term follow-up, which are known to influence the prognosis.
In conclusion, the survival analysis using Cox's proportional hazard model identified the Lown grades as predictors of overall survival. The ventricular arrhythmias recorded by conventional Holter ECG may be useful as a noninvasive prognostic test for patients who suffer AMI before their hospital discharge.
